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TUfsiOR-ASSOaATfjD ANTiGKN DriRiVATfVES FRO^S THE MAGE FAMFLY. AND Nl;CLJ2IC ACID SEQUENCES 
E^'CODi^{G THPM, USED FOR TWi PREPARATfON OF FUSION PROTEINS AND OF COMVOSmONS FOK 
VACaNATiON 

The present inveiiEioa rektes to proicm derivatives, comprising a tumor- 
associated antigen, that fmd utility in cancer vaccine therapy. In particuiar the 
5 derivatives of the invention include fusion proteins comprising an antigen encoded 
by the family of MAGE genes (e.g. MAGE-3, MAGE-1), linked to an 
tmmunoiogieal fusion partner which provides T helper epitopes, such as, for 
example the lipidated form of protein D from HaemopMus influenzae B; chemically 
modified MAGE proteins wherein the £«:itigen's disulphide bridges are rednced and 

10 tlie resulting tiiiols blocked and genetically modified MAGE proteins provided witii 
an affinity tag and/or genetically modified to prevent disulphide bridge formation. 
Methods are also described for purifying MAGE proteins and for formuiating 
vaccines for treating a range of cancers, including, but not limited to Melanoma, 
breast, bladder, lung, NSCLC, head and squamous cell carcinoma, colon carcinoma 

15 and oesophagus carcinoma. 

Antigens encoded by the family of MAGE genes are predominately 
expressed on melanoma cells (including malignant melanoma) and some other 
cancers including NSCLC (non small cell lung cancer), head and neck squamous 
ceil carcinoma, bladder transuionai ceil carcinoma and oesophagus carcinoma, but 

20 are not detectable on normal tissues except in the testis and the placenta (Gaugler, 
1994; Weynants, 1994; Patard, 1995), MAGE-3 is expressed in 69% of 
iTKlanomas (Gaugler. 1994), and can also be detected in 44% of NSCLC 
(Yoshiraaisu 1988), 48% of head and neck squamous cell carcinoma. 34% of 
bladder transitional cell carcinoma 57% of oesophagus carcinoma 32% of colon 

25 cancers and 24% of breast cancers (Van Pel, 1995); Inoue. 1995 Fujie 1997; 
Nishimura 1997). Cancers expressing MAGE proteins are known as Mage 
associated tumours. 

The immunogenicity of human melanoma ceils has been elegantly 
demonstrated in experiments using mixed cultures of melanoma cells and autologous 

30 lymphocytes. Thesa culatre often generate speciiic cytotoxic T lymphocytes (CTLs) 
able to lyse exclusively the autologous melanoma ceils but neither autologous 
fibroblasts, nor autologous EBV-transformed B lymphocytes (Knuth, 1984; 
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Auichiai, 1987). Several of rhe antigens recognised on autoiogous ^^eianoma cells 
by these CTL clones are now identifiec. including those of the MAGE family. 

The first antigen which could be defined through its recognition by specific 
CTLs on autologous melanoma cells is termed MZ2-E (Van den Eynde. 1989) and 
is encoded by the gene MAGE-i (Van der Bruggen. 1991). CTLs directed againsi 
MZ2-E recognise and lyse MZ2-E posuive melanoma cells from autologoti.s as well 
as from other patients provided that these cells have ttie HLA.AI alleie. 

The MAGE-i gene belongs to a family of 12 closely related genes, MAGE 
L MAGE 2, MAGE 3, MAGE 4, MAGE 5, MAGE 6. MAGE 7 . MAGE 8, 
MAGE 9. MAGE 10, MAGE II, MAGE 12, luxated on chromosome X and 
sharing with each other 64 to S57e homology in their coding sequence (De PJaen, 
1994). These are sometimes known as MAGE AL MAGE A2, MAGE A3, MAGE 
A4. MAGE A5, MAGE A6. MAGE A7, MAGE AS, MAGE A9, MAGE A 10, 
MAGE Ail, MAGE A 12 (The MAGE A family). Two other groups of proteins 
are also part of the MAGE family although more distantly related. These are the 
MAGE B and MAGE C group. The MAGE B family includes MAGE Bl (also 
Icnown as MAGE Xpl, and DAhi 10), MAGE B2 (also known as MAGE Xp2 and 
DAM 6) MAGE B3 and MAGE B4 - the Mage C family currently includes MAGE 
CI and MAGE C2, In general terms, a MAGE protein can be defined as containing 
a core sequence signature located towards the C-tenninai end of the protein (for 
example with respect to MAGE Al a 309 ammo acid protein, dre core signamre 
corresponds to ammo acid 195-279). 

The consensus pattern of the core signawre is clius described as follows 
wherein x represents any amino acid, lower case residues are conserved 
(conservative variants allowed) and upper case residues are perfectly conser/ed. 

Core sequence signature 

Li2:vL(2x) I (3x)g(2x)apEExiWexl (2x) iri {3 -4x) Gxe (3 - 
4 X ) gxp ( 2 X ■ 1 1 1 i 3 X ) VqexYLxYxq VPx s xP ; 2 x ) y eFLWGpr A ( 2 x ; E t: ( 3 
x) kv 

Conservative substitutions are well icnown and are generally set up as the 
default scoring matrices iti sequence alignment computer programs. These 
~2- 
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programs include PAM250 (Dayhoft M.O. eial., (1978), "A model of 
evolutionary changes in proteins". In "Atlas of Protein sequence and structure" 
5(3) M.O. Dayhofc (ed.), 345-352), National Biomedical Research Foundatioa, 
Washington, and Biosum 62 (Steven Heaiicoft and Jorja G. Henikoft (1992), 
5 "Amino acid substitution matricies from protein blocks"), Proc. Natl Acad. Sci. 
USA 89 (Biochemistry): 1Q91 5-109 19. 

In general terms, substitution within the following groups are conservative 
substitutions, but substitutions between groups are considered non-conserved. The 



groups are; 




10 i) 


Aspartate/asparagine/giutamate/gluiamine 


ii) 


Serine/threortine 


iii) 


Lysine./arginine 


iv) 


Phenyiaianioe/tyrosine/trjrptophane 


V) 


Leuciiie/isoleuciae.f'valinemiethionine 


15 vi) 


Glycine/alamne 



In geaerai and in the context of this invention, a MAGE protein will be 
approximately 50% identical in tiiis core region with anaiiio acids 195 to 279 of 
MAGE AL 

20 Several CTL epitopes have been identififid on the MAGE-3 protein. One 

such epitope, MAGE~3.Ai, is a nonapeptide sequence located between amino acids 
168 and 176 of the MAGE-3 protein which constitutes an epitope specific for CTLs 
when presented in association with the MHC class I motectiie HLA.Al. feceatly 
two additional CTL epitopes have been identified on the peptide sequence of the 

25 MAGE-3 protein by tiieir ability to mount a CTL response in a mixed culture of 
melanoma cells and autologous lymphocytes, Ttwse two epitopes have specific 
binding motifs for the HLA.A2 (Van der Bruggem 1994) and HLA.B44 (Herman, 
1996) alleles respectively. 

The present invention provides MAGE protein derivatives. Such derivatives 

30 are suitable for use in therapeutic vaccine formulations which are suitable for the 
treatment of a range of tomour types. 



-3- 



wo 99/40188 



In one emtxxJiment of the present invention, the derivative is a nisioa 
proteins comprising an aiuigen from the MAGE protein famiiy Jinked to a 
heteroiogous partner. The proteins may be cbemicaUy conjugated, but are 
preferably expressed as recombinant fusion proteins allowing increased levels £o be 
5 produced in an expression system as compared to non-fused protein. Thus the 
fusion partner may assist in providing T helper epitopesiimmunologicai msion 
partner), preferably T helper epitopes recognised by humans, or assist in expres.sing 
the protein (expression enhancer) at higher yields than the native recombinaiu 
protein. Preferably the fiision parmer v/ill be both an immunoiogicai fusion partner 

10 and expression enhancing partner. 

In a preferred form of the invention, the immunological fusion partner is 
derived from protein D, a surface protein of the gram-negative bacterium. 
Haeraopliilns influenza 8 (W091/1.S926), Preferably the protein D derivative 
comprises approximately the first 1/3 of the protein, in particular approximately the 

15 tirst N-terminal 100-110 amino acids. Preferably the proteui D derivative is 
Upidated. Preferably the first 109 residues of the Lipoprotein D fusion partner is 
included on the N-terminus to provide the vaccine candidate antigen with additional 
exogenous T-cell epitopes and increase expression level in E-coii (thus acting also 
as an expression enhancer). The lipid tail ensures optimal presentation of the 

20 antigen to antigen presenting cells. 

Other fusion partners inchide the non-structural protein from influenzae 
virus, NSl (hemaggiutiEiin), Typically ihe N terminal 81 amino acids are utilised, 
although different ixagmenrs may be used provided they include T-heiper epitopes. 
In another embodiment the immunoiogicai ftision partner is the protein 

25 known as LYTA. Preferably the C terminal portion of the molecule is used. Lyta 
is derived from Streptococcus pneumoniae which synthesize an N-acetyi-L-alanine 
amidase, amidase I.YT.A,, (coded by the lytA gene {Gene, 43 (1986) page 265 272} 
an autolysin that specifically degrades certain bonds in die peptidoglycan backbone. 
The C-terminal domain of tiie LYTA profein is responsible for the affmit)'' to the 

30 choline or to some choiiBe analogues such as DEAE. This property has been 
exploited for the development of E.coli C-LYTA expressing piasinids usetul for 
expression of fusion proteins. Purification of hybrid proteins containing the C- 
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LYTA fragment at its amino teraiinus has been described {Biotechnology: 10, 

(1992) page 795-798}. As used herein a preferred embodiment utilises the repeat 

portion of the Lyta moiecuie tbund in liie C tsmiirsal end starting at residue 178. .A 

partieiiiariy preferred form incorporates residues i88 - 305. 
5 The immunoiogical fusion partners noted above are also advantageous in 

aiding expression. In particular, such fusions are expressed at higher yields Elian 

native recombinant MAGE proteins. 

Such constructs in a clinical setting have been shovi-'n by the present 

invemors to be able to treat melanoma. In one case, a patient with stage IV 
iO melanoma was cleared of metasties after two doses of unadjuvanted iipo D 1/3 

MAGE :J His protein. 

Accordingly, the present invention in the erabodiineni provides msion 

proteins comprising a mmour-associated antigen from the MAGE lamiiy linked to 

an immunological ftision partner. Preferably ths immunological ftision parmer is 
15 protein D or fragment thereof, most preferably lipoprotein D. The MAGE proteins 

are preferably MAGE Al or MAGE A3. The Lipoprotein D part preferably 

comprises die first 1/3 of Lipoprotein D. 

The proteins of the present invention preferably are expressed in E. coli. In 

a preferred embodiment the proteins are expressed v^iih an affmity tag, such as for 
20 example, a histidine tail comprising between 5 to 9 and preferably .six Ihstidine 

residues. These are advantageous in aiding purification. 

The present invention also provides a nucleic acid encoding the proteins of 

the present invention.. vSuch sequences can be inserted into a suitable expression 

vector and used for DNA/RNA vaccination or expressed in a suitable host, 
25 Microbial vectors expressing the nucleic acid may be used as vaccines. Such 

vectors include for example, poxvirus, adenovirus, alphavirus, listeria and 

monarphage. 

A DNA sequence encoding the proteins of the present invention can be 
syndiesi2Kd using standard DNA synthesis techniques, such ^ by enzymatic ligation 
30 as described by D.M. Roberts et ai in Biochemistry 1985, 24, 5090--5098, by 
cherakal synthesis, by in vitro enzymatic polymerization, or by PGR teclmoiogy 
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utiiisiBg for example a heat stabie poiymerase, or by a combination of these 
techniques. 

Enzymatic polymerisation of DNA may be carried out in vitro using a DNA 
polymerase such as DNA polNTnerase I fKienow fragmeiit) in an appropriate buffer 
5 containing the nucieoside triphosphates dATP, dCTP> dGTP and dTTP as reqtiired 
at a temperature of 10°-37°C, generally in a volume of SQui or less. Enzymatic 
ligation of DNA fragments may be carried out using a DNA iigase such as T4 DNA 
iigase m an appropriate buffer, such as 0.05M Tris (pH 7.4), 0.0 IM MgCl,, O.OlM 
dithiothreitoi, ImM spermidine, ImM ATP and O.img/ml bovine serum albumin, at 
10 a temperamre of 4°C to ambient, generally in a volume of 50ml or less. The 
chemical synthesis of the DNA poiymer or fragments may be carried out by 
conventional phosphotriester, phosphite or phosphoramidite chemistry, using solid 
phase tec'hniques such as tliose described in 'Chemical and Enzymatic Synthesis of 
Gene Fragments - A Laboratory Manual' (ed. H.G. Gassen and A. Lang), Veriag 
15 Chemie, Weinheim (1982), or in other scientific publications, for example M.J. 
Gait, H.W.D. Matthes, M. Singh, B.S. Sproat, and R.C, Tionas, Nucleic Acids 
Research, 1982, iO. 6243; B.S. Sproat, and W. Bannwarth, Tetrahedron Letters, 
1983, 24. 3771; M.D. Matteucci and M.H. Carutfaers, Tetrahedron Letters, 1980, 
21, 719; M.D. Matteucci and M.H. Caruthers. Journal of the American Chemical 
20 Societ>'. 1981, 103, 3185; S.P. Adams et al. Journal of the American Chemical 
Society, 1983, 105, 661; N.D. Sinha, J. Biemai, J. McMaimus, and H. Koester, 
Nucleic Acids Research, 1984, 12, 4539; and H.W.D. Matthes et al, EMBO 
Journal, 1984. 3. 801. 

ITie process of the invention may be performed by conventional recombinant 
25 techniques such as described in Maniatis et al. Molecular Cloning ■■ A Laboratory 
Manual; Cold Spring Harbor, 1982-1989, 

in particular, the process may comprise iJie steps of ; 
i> preparing a replicable or mtegrating expression vector 
capable, in a host cell, of expressing a DNA poiymer 
30 comprismg a nucleotide sequence that encodes die protein or 

an immunogenic derivative thereof; 
ii) transforming a host ceil with said vector; 
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iii) cuituring said transfornied host cell under conditions 
permitting expression of said DNA polymer to produce said 
protein; and 

iv) recovering said protein. 

5 The rerm •fxamforming' !S used herein to mean the introduction of foreign 

DNA into a host cell. This can be achieved for example by transformation, 
transfection or infection with an appropriate plasmid or viral vector using e.g. 
convemional techniques as described in Genetic Engineering; Ed.s. S.M. Kingsman 
and z\.J. Kingsman; Blacicweli Scientific Pubiications; Oxford, England. 1988. The 
10 term 'transformed' or "transfonnant' will hereafter apply to the resulting iiost cell 
containing and expressing tiie foreign gene of interest. 

The expression vectors are novel and aiso form part of the invention. 
The repiicabie expression s^ectors may be prepared in accordance with the 
invention, by cleaving a vector compatible with the ho,st ceil to provide a linear 
15 DNA segment having an intact replicon, and combining said linear segment with 
one or more DNA molecules which, together with said linear segment encode the 
desired prodnct, such as die DNA polymer encoding Jiie protein of the invention, or 
derivative thereof, under iigating conditions. 

Thus, the DNA polymer may be preformed or formed duritig the 
20 construction of the vector, as desired. 

The choice of vector will be determined in part by tlie host celi. which may 
be prokaryotic or eukaryotic but are preferably E. Coli or CHO cells. Suitable 
vectors include plasmids, bacteriophages, cosmids and recombinant viruses. 

The preparation of the repiicabie expression vector may be carried out 
25 conventionally with appropriate enzymes for restriction, polymerisation and ligauon 
of die DNA, by procedures described in, for example, Maiiiatis et ai cited above. 

The recoitibiiiant Iiost cell is prepared, in accordance with the invention, by 
transforming a host cell with a repiicabie expression vector of the invention under 
transforming conditions. Suitable transforming conditions are conventional and are 
30 described in, for example, Maniatis et al. cited above, or "DNA Cloning" Vol. II, 
D.M. Glover sd., IRL Press Ltd, 1985. 
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The choice of transforming conditions is derermitied by tlie host ceii. Thus, 
a bacterial host such as E. coii may be treated with a solution of CaCK (Cohen et 
al, Proc. Nat, Acad, Set., 1973, 69, 2110) or with a solution comprising a mixture 
of RbCl, MiiCL, potassium acetate and giyceroi, and then with 3-[N-morphoiino]- 
5 propane-sulphonic acid, RbCl and giyceroi Manunalian cells ia culture may be 
transformed by calcium co-precipitatiou of the vector DNA onto rite ceUs. The 
invention also extends to a host cell transformed with a replicable expression vector 
of the iuvention. 

Culturing the traasfbrmed host ceil under conditions permitting expression 
10 of the DNA poiymer is carried out conventionaUy, as described in, for example. 
Maniaris et at. and "DNA Cloning" cited above. Thus, preferably the ceii is 
supplied with nutrient and cultured at a temperature heiow 50 °C. 

The product is recovered by conventional methods according to the host ceil 
and according to the localisation of the expression product (intracellular or secreted 
15 into the culture medium or into the ceii periplasm). Thus, where the host cell is 
bacterial, such as E. coIi it may, for example, be iysed physically, chemically or 
enzyraaticaily and the protein product isolated from the resulting lysate. Where the 
host ceil is mammalian, tlie product may generally be isolated from the nutrient 
medium or from cell free extracts. Conventional protein isolation techniques 
20 include selective precipitation, adsorption chromatography, and affmit>' 
chromatography including a monoclonal antibody affmity column, 

lh& proteins of the present invention are provided either soluble m a liquid 
form or in a lyophilised form. 

It is generally expected that each human dose will comprise 1 to 1000 /ig of 
25 protein, and preferably 30 - 300 y.g. 

The present invention also provides pharmaceutical composition comprising 
a protein of the present invention in a ptianmceutically acceptable excipient. 
A preferred vaccine composition comprises at least Lipoprotein D - MAGE-3. 
Such vaccine may optionally contain one or more other tumor-associated antigen. 
30 For example oLher members belonging to the MAGE and GAGE families. Suitable 
other tumour associated antigen include MAGE-1, GAGE- 1 or Tyrosinase proteins. 

-8- 
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Vaccine preparation is generaUy described i;n Vaccine Design ("The subunit 
and adjuvant approach" (eds. Powell M.F. & Newman M.J). (1995) Plenum Press 
New York). Encapsulation widiin liposomes is described by Fuilerton. US Patent 
4,235,877. 

5 The proteins of the present invention are preferably adjuvanted in the 

vaccixie formulation of the invention. Suitable adjuvants include an aiuminitjm salt 
such as aluinimnm hydroxide gel (aium) or aluminium phasphaEe, but may also be a 
salt of calcium, iron or zinc, or may be an insoluble suspension of acylated 
tyrosine, or acylated sugars, cationicaily or aiiionically derivatised polysaccharides, 
10 or polyphosphazenes. OUier known adjuvants include CpG containing 
oligonucieotides. The oiigonucieotides are characterised in that the CpG 
dinucieotide is unmeEhylated. Such oligonucleotides are well known and are 
described tn, for example WO96/02555, 

In the formulation of the inventions it is preferred that the adjuvant 
15 coraposinon induces an immune response preferentially of the THi lype. Suitable 
adjuvant systems include, for example a combination of monophosphotyi lipid A, 
preferably 3-de-O-acylated raonophosphoryl lipid A {3D-MPL) togedier with an 
aluminium salt. CpG oligonucleotides also preferentially induce a THI respotsse. 

An enhanced system involves the combination of a monophosphoryi lipid A 
20 and a saponin derivative particularly the combination of QS2i and 3D- MPL as 
disclosed in WO §4/00153, or a less reactogenic composition where the QS2i is 
quenched widi cholesterol as disclosed in WO 96/33739. 

A particularly potent adjuvant formulation involving QS21 3D-MPL & 
tocopherol in an oil in water emulsion is described in WO 95/17210 and is a 
25 preferred formulation. 

Accordingly in one embodiment of the present itivention there is provided a 
vaccine comprising a protem of die present invention, more preferably a 
Lipoprotein D (or derivative thereof) - MAGE-3 adjuvanted with a monophosphoryi 
lipid A or derivative thereof. 
30 Preferably die vaccine additionally comprises a saponin, more preferably 

QS2L 
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Preferably the formuiatiQn additional comprises an oii in water emuision and 
tocopherol. The present invention also provides a method for producing a vaccine 
formuiation comprising mixing a protein of the present invention together with a 
pharmaceuticaliy acceptable excipient. such as 3D-MPL. 

5 In one aspect of the invention there is provided a process for purifying a 

recorabinamly produced MAGE-protein. The process comprises solubiiising the 
protein, for example in a strong chaotropic agent (such as for example, urea, 
guanidinm hydrochloride), or in a Zwiiterionicnic detergent, e.g. (Empigen BB - n~ 
dodecyl- N,N-dtraethyiglycine), redncir.g the protein's intra and inter molecular 

10 disulphide bonds, blocking the resulting thiols to prevent oxidative recoupiing, and 
subjecting the protein to one or more chromatographic steps. 

Preferably, tiie blocking agent is an aikylating agent. Such blocking agenLs 
include but are not iimited to alpha haloacids or alpha haloainides. For example 
iodoacetic acid and iodoacetamide which results in carboxymechyiation or 

15 carboxyamidation (carbamidomethylation) of the protein. Other blocking agents 
may be used and are described in die literature (See for example. The Proteins Vol 
11 Eds H neurath, RL Hill and C-L Boeder. Academic press 1976, or Chemical 
Reagents for Protein raoditlcation Vol 1 eds. RL Lundblad and CM Noyes, CRC 
Press 1985). Typical examples of such other blocking agents include N - 

20 ethyimaleimide, chJoroacetyi phosphate, O-methylisourea and acrylonitrile. The use 
of the blocking agent is advantageous as it prevents aggregation of the product, and 
ensure stability for downstream purification. 

In an embodiment of the mvention the blocking agents are selected to mduce 
a stable covalent and irreversible derivative (eg alpha halo acids or alpha 

25 haloainides). However other blocking agents maybe selected such that after 
purification die blocking agent may be removed to release the non derivatised 
proiein. 

MAGE proteins having derivatised free thiol residues are new and form an 
aspect of the invention. In particular carboxyamidated or carboxyinethylated 
30 derivatives are a preferred embodiment of the invention. 

In a preferred embodiment of the invention the proteins of the present 
invention is provided with an affinity tag, such as CLYTA or a polyhlstidine tail. 
-10- 
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In such cases the protein after the blocking step is preferably subjected to affinity 
chromatography. For chose proteins with a polyhistidine tail, immobiHseci meial ion 
affinity chromatography (IMAC) may be performed. The metal ion, may be any 
suitable ion for example zinc, nickel, iron, magnesium or copper, but is preferably 
5 zinc or nickel. Preferably the IMAC buffer contain a zwitterionic detergent such as 
Empigen BB (hereinafter Empigen) as this results in lower levels of endotoxin in 
the fnml product. 

If the protein is produced with a Clyia part, the protein may be pnrited by 
exploiting its affinity' to choline or choline analogues such as DEAE, In an 
10 embodiment of the invention the proteins are provided with a polyhistidine tail and 
a Ciyta part. These may purified in a simple two step affmiiy chromatographic 
purification schedule. 

The invention will be further described by reference to the following 
examples: 

15 

EXAMPLE I: 

Preparation of the recombinaut B. coU strmn expressing the fusion proteio 
Lipoprotein B-MAGE-3-His {LPB l/3-MAGE-3-His or Lp0 MAGE-3-His) 

20 

1. The E. Cell expression system: 

For the production of Lipoprotein D the DNA encoding protein D has been 
cloned into the expression vector pMG 8L This plasmid utilizes sigrtals from 

25 lambda phage DKA to drive the transcription and translation of inserted foreign 
genes. The vector contains the lambda PL promoter PL, operator OL and two 
utiiization sites (NutL and NutR) to relieve transcriptional polarity effects when N 
protein is provided (Gross et al., 1985. Mol, & Ceil. Biol. 5:1015). Vectors 
containing the PL promoter, are introduced into an E. coii iysogenic host to 

30 stabilize the plasmid DNA. Lysogemc host strains contain replication-defective 
lambda phage DNA integrated into the genome (Shatzman et al,, 1983; In 
Experimental Manipulation of Gene Expression, inouya (ed) pp 1-14. Academic 
- U - 
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Press NY). The lambda phage DNA directs the synthesis of the cl repressor protein 
which binds to the OL repressor of the vector and prevents binding of RNA 
polymenise to the PL promoter and thereby transcription of the inserted gene. The 
cl gene of the expression strain AR58 contains a temperature sensitive mutation so 
5 that PL directed transcription can be regulated by temperature shift, i.e. an increase 
in culture temperature inactivates the repressor and synthesis of the foreign protein 
is initiated. This expression system allows controlled synthesis of foreign proteins 
especially of tiiose that may be toxic to the cell (Shimataka & Rosenberg, 198L 
Nature 292:128). 

10 

2. The E. Coii strain AJRSS; 

The AR58 lysogenic E. coH strain used for the production of the LPD- 
MAGE-3-His protein is a derivative of the standard NIH E.coli K12 siraiii N99 (F- 

15 su- galK2. lacZ- thr-). It contains a defective lysogenic lambda phage (gaiE;:TN10, 
i Kil- ci857 DHi). The Kil- phenotv'pe prevents the shut off of host macromoiecular 
synthesis. The cI857 mutation confers a temperature sensitive lesion to the ci 
repressor. The DHl deletion removes the lambda phage right operon and the hosts 
bio. uvr3, and ehlA loci. The AR5H strain was generated by transduction of N99 

20 with a P lambda phage stock previously grown on an SA50D derivative 
(galE;:TN10, ! Kil- cr857 DHI). The introduction of the defective iysogen into N99 
was selected with tetracycline by virme of the presence of a TNIO iraasposon 
coding for tetracyciin resistance in the adjacent galE gens. N99 and SA500 are 
Exoii K12 strains derived from Dr. Martin Rosenberg's laboratory at the National 

25 Institutes of Health, 

3, Coastruction of the vector designed to express the recombinant protein 
LPB.MAGE-3-His: 

30 The rationale was to express MAGE 3 as a fusion protein using the N- 

terminal tliird of the lipidated protein D as fusion partner connected at the N~ 
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terminus of MAGE-3 and a sequence of several bistidine residues (His tail) piaced 
at its C-tenmaus. 

Protein D is a Upoprotein (a 42 kDa ijimiunogiobulin D binding protein 
exposed on the surface of the Gram-negative bacterium Haemophilus influenzae). 
S The protein is synthesized as a precursor v^ith an IS amino acid residue signal 
sequence, containing a consensus sequence for bacterial lipoprotein (WO 91/18926). 

When the signal sequence of a lipoprotein is processed during secretion, the 
Cys (at position 19 in the precursor molecaie) becomes the amino terminal residue 
and Is concoraitantly modified by covaient attachiient of both ester-linked and 
10 amide-linked fatt>' acids. 

The fact>' acids linked to the amino-termina,! cysteine residue then function as 
membrane anchor. 

The plasmid expressing the fusion protein was designed to express a 
precursor protein containing the 18 amino acids signal sequence and the first 109 
15 residues of tlie processed protein D, two unrelated amino acids (Met and AspJ, 
amino acid residues 2 to 314 of MAGE-3, two Gly residues functioiung as a hinge 
region to expose the subsequent seven His residues. 

The recombinant strain thus produces the processed lipidated His tailed 
fusion protein of 432 amino acid residues long (see Figure 1), with the ammo acids 
20 sequence described in ID Nol and die coding sequence is described in ID No2. 

4, Cloning strategy for the generation of the LPD~MAGE-3-His fusion protein 
(vector pRrn4477): 

25 A cDNA plasmid (from Dr Thierry Boon from the L.udwig Instimtei 

containing the coding .sequence for MAGE-S gene (Gaugler B et al, 1994), and the 
vector FRIT 14586. containmg the N terminal portion of the Lipo-D-1/3 coding 
sequence (prepared as outlined in Figure 2) were used. The cloning strategy 
included the following steps (Figure 3). 

30 

a) - PGR amplification of the sequences presented in tlie plasmid cDNA 
MAGE 3 using the oiigonucleotide sense: 5' gc gcc atg gat ctg gaa cag cgt agt cag 
- 13- 



cac tgc aag cct, and tiie oUgonacieotide ami seme: 5' gcg ici aga tta atg gtg acg gtg 
atg gtg atg acc gcc etc ttc ccc etc tct caa); this amplification leads to the foUowtng 
modifications at the N terminus: changing of the first five codons to E. coU codon 
usage, replacement of the Pro codon by an Asp codon at position 1, installation of 
5 an Ncol site at tiie 5" extremit>- and finally addition of two 2 Giy codons and ihe 7 
His codon foilowed by an Xbal site at the C-terminus. 

- Cloning into tiie TA cUming vector of invitrogen ot the above amplified 
fragment and preparation of the intermediate vector pRIT 14647. 

10 

c) - Excision of the Ncoi Xbal fragment from plasmid pRITl4647 and 
cloning into the vector pRIT 14586. 

d) - Transformation of the host strain AR58. 

15 

e.) - Selection and characterization of the E. coli strain transfoimaats 
containing the piasmid pRTT 14477, expressing the LPD-MAGE-3-His fusion 
protein. 

20 EXA^^FLE m 

Preparation of the LPBi/3 - MAGE-3 -His antigen; 

1. Growtli and induction of bacterial straia - Expression of LPDl/3 
25 .MAGE-3 -His: 

Cells of AR58 transformed with piasmid plUT 14477 were grown in 2 litre 
tlasks, each containmg 400 mL of LY12 medium supplemented with yeast extract 
(6.4 g/L) and fcanaiaycin sulphate (50 mg>I.). After incubation on a shaking tabic at 
30 SO'^C for 8 i h, a small sample was removed from each fiask for microscopic 
examination. The contents of the two flasks were pooled to provide the inoculum 
for the 20 litre fermentor, 
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The mocuium (about 800 mL.) was added to a pre-steriiised 20 litre (totai 
volume) fermentor conuining 7 litres of medium, supplemented with 50 mg/L of 
fcanamycin sulphate. The pH was adjusted to and rnamiained at 6.S by the periodic 
addition of N H4OH (25 % v/v), and the temperature was adjusted to and maintained 
5 at SO^C, The aeration rate was adjusted to and maintained at 12 litres of air/min and 
the dissolved oxygen tension was maintained at 50 % of saturation by feedback 
controi of the agitation speed. The over-pressure in the ferraentor was maintained at 
500 g/cm^- (0.5 bar). 

The fed-batch cultivation was carried out by controlled addition of a carbon 
10 feed solution. The feed solution was added at an initial rate of 0.04 mL/mm, and 
increased exponentially during the first 42 hours to maintain a growth rate of 
0.1 h'. 

After 42 hours, the temperature in the fermentor was rapidly increased to 
39 °C, and the feeding speed was maintained constant at 0.OO5 mL/g DCW/min 

15 during the induction phase for an additional 22-23 hours, during which time 
intracsiiular expression of LPD-MAGE-3-His reached a maximum level, 

Aiiquots (15 mL) of broth were taken at regular intervals throughout the 
growth/'induction phases and at the end of ilie fermentation to follow tlie kinetics of 
microbiai gro'^th and intracellular product expression and in addition, to provide 

20 samples for microbial identification/purity tests. 

At the end of fermentation, the optical density of the culture was between 80 
and 120 (corresponding to a ceil concentration of between 48 and 72 g DCW/L), 
and the total liquid volume was approximately 12 litres. The culmre was rapidly 
cooled to between 6 and 10°C, and the ceils of ECK32 were separated from the 

25 culture broth by centrifugation at 5000 x g at 4°C for 30 minutes. The concentrated 
ceils of ECK32 were quickly stored in plastic bags and ismiediately frozen at - 
80°C. 
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2. Extractioa of the protein: 

The frozen conceiitrated cells of ECK32 were thawed to 4*'C before beiitg 
re-suspended in cell disruption buffer to a fmal optical deiisity of 60 (correspoiiding 
5 to a cell concentration of approximately 36 g DCW/L), 

The ceils were disrupted by two passes through a high-pressure homogeniser 
(1000 bar). The broken cell suspension was centrifbged (x 10 OOOg at 4''C for 30 
minutes) aiid the pellet fraction was washed twice with Triton XlOO (1 % %v/v) -f 
EDTA (1 mM), followed by a wash with phosphate buffered saime (PBS) + Tween 
10 20 (0.1% v/v) and fmaUy a wash with PBS. Between each washing stage, the 
suspension was ceatriftiged ai x 10 OOOg for 30 minutes at 4°C, the supermtaiu was 
discarded and the peliet fraction was retained, 

EXAMPLE III: 

15 

Characterisatiow of fusion ^otein Lipo J> - MAGE 3: 
I. PariCication: 

20 LPD-MAGE'3-His was purified from the cell homogemte using a sequence of steps 
described below: 



25 



b) 



c) 



Soiubllisation of the washed pellet fraction from celi disruption, 
Chemical reduction of intra- and iuter-protein disulphide bonds followed 
by blocking of thiol groups to prevent oxidative re-coupUi^, 
Microfiltration of the reaction mixture for the removal of particulates 



and reduction of endotoxins. 



30 



Caphiffi and primary purification of LP0-MAGB-3-His by exploitation 
of the affinity interaction between the poiyMstidine tail and zinc-ioaded 
Chelating Sepharose, 



e) 



Removal of contaminant proteins by anion exctenge chromatography. 
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The purified LPD-MAGE 3 -His was subjected to a number of poiishing stages: 

f) - Buffer exchange/urea removal by size exclusion chromatography using 
Superdex 75, 
5 g) - Iii-process filtratioa, 

h) - Buffer exchange/desairing by size exclusion chromatography using 
Sephadex G25. 

Each of these steps is described in more detail beiow: 

10 

1.1) - Solubilisation of ceil hoinogenate pellet 

The pellet fraction from the final washing stage (as described above) was re- 
soiubiiised overnight in 800 mL of a solution of guanidine hydrochloride {6M) and 
sodium phosphate (0.1 M, pH 7.0) at 4'C. 

15 

1.2) - Reduction and carboxymethylation 

The soKibilised material (a paie yellow, turbid suspension) was flushed with 
argon to purge any remaining oxygen, and a stock solution of 2-mercaptoethanol 
(i4M) was added to provide a iinai concentration of 4.3M (which corresponded to 

20 0 .44 mL of 2-mercaptoethanoi per mL of solution) . 

The resulting solution was divided and transferred into two glass tlasks 
which were both heated to 95 "C in a water bath. After 15 minutes at 95 'C, the 
flasks were removed from the water bath and allowed to cool, whereupon the 
contents were pooled into a foii-covered beaker (5 L), placed on ice. and solid 

25 iodoacetamide added with vigorous mixing to provide a fmal concentration of 6M 
(which corresponded to 1.11 g of iodoacetamide per mL of solution). The mixture 
was held on ice in die dark for 1 hour to ensure complete solubilisation of 
iodoacetamide, before being neutralised (maintaining vigorous mixing and 
continuous pH monitoring) by the addition of approximately i litre of sodium 

30 hydroxide (5 M) to give a linai pH of 7.5-7.8 , 

The resulting mixture was maintained on ice in the dark for a further 
30 minutes, after which time the pH was re-adjusted to pH 7.5-7,8. 
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1.3) -Microfil£ration 

The mixture was microfiltered in an Amicon Proflux M12 tangeniiai-flow 
unit equipped with a Minikros hollow fibre cartridge (ref. No. M22M-600~01N; 
area 5,600 cm\ 0.2 .urn). The permeate was retained for subsequent 
5 chiomatographic puritlcatioa. 

1 .4) - Metal (Zn chelate chromatography (MAC) 

Metal chelate chromatography was performed with Cheiating Sepharose FF 
(Pharmacia Biotechnology Cat. Ho. 17-0575-01) packed into a BPG 100/500 

10 coiumn (Pharmacia Biotechnology Cat No. 18-1103-01). The dimensions of the 
packed bed were: diameter 10 cm; crnss-seeiional area 79 cm^ bed height 19 cm: 
packed volume 1,500 mL. The empty coimim was sanitised with sodium hydroxide 
{0.5M), then washed with puritled water. 

The support (delivered in 20 % v/v ethanol) was washed with purified water 

15 (8 litres) on a Buchner fximxel (under vacuum) and charged with zinc by passing at 
least IS litres of a solution of ZnCl^ (O.IM), Excess zinc was removed by washing 
the support with 10 litres of puritled water, until the pH of the outlet liquid reached 
the pH of the ZnCl, solution (pH 5.0). The support was then equilibrated with 4 
litres of a solution containing pamdine hydrochloride (6M) and sodium phosphate 

20 (O.IM, pH 7.0). 

The permeate from microfiitration, containing LPD-MAGE~3-His, was 
mixed with the support (batch binding), before loading and packing the BPG 
column with the solution containing guanidine hydrochloride {6M) and sodium 
phosphate (O.IM, pH 7.0). 

25 The next stages of metal chelate chromatography were conducted at an 

eiuent flow rate of 60 mL/min. The column was washed, first with the solution 
containing guanidine hydrochloride (6M) and sodirnn phosphate (O.IM, pH 7.0), 
then with the solution containing urea (6M) and sodium phosphate (O.IM, pH 7.0), 
until the colimtn eiuent attained zero absorbance at OD^^ nm (baseline). 

30 The semi-pure LPD-MAGE-3-His protein fraction was eluted with 2 coiumn 

volumes of a solution conraining urea (6M), sodium phosphate (OTM, pH 7.0) and 
imidazole (0.5M). The conductance of this fraction was approximately 16 mS/cm. 
- 18- 
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1.5) - Aaion exchaage ctiroraatography 

Before cominuing with anion exchange ciii-omatography, the conductance of 
the semi-pure LPD-MAG.E~3-His protein fraction was reduced to approximatel,v 4 
5 mS/cm by dilution wiih a solution containing urea (6M) and Tris-HCI {20 mM, pH 
8.0). 

Anion exchange chroraatography was performed using Q-Sepharose FF 
(Pharmacia Biotechnology, Cat. No. 17-0510-01) packed in a BPG 200/300 coiumn 
(Pharmacia Bioteclmoiogy Cat. No, 18-1103-11), The dimensions of the packed 
10 bed were; diameter 10 cm; cross-seciional area 314 cm'; bed height 9 cm; packed 
voiunie 2,900 mL. 

The columji was packed (with. 20 % v/v ethanol; and washed with 9 litres of 
purified water at an eiuent tlow rate of 70 mL/min. The packed coiunm was 
sanitised with 3 litres of sodium itydroxide (0.5M), washed with 30 litres of 

15 purified water, then equilibrated with 6 litres of a solution contaimng urea (6M) and 
Tris-HCI (20 mM, pH 8.0). The diluted, semi-purifted LPD~MACyH-3-Hts was 
loaded onto the column and theti washed widi 9 litres of a solution containing urea 
(6M), Tris-HCi (20 mM, pH 8.0), EDTA (IraM) and Tween (0.1 %), until the 
absorbance (280 ntn) of the eiuent feil to zero. 

20 A further washing siep was performed with 6 litres of a solution containing 

urea (6M) and Tris-HCI (20 mM, pH 8.0). 

The purified LPD-MAGE-3-Hjs was eluted from the coiumn with a solution 
contaimng urea (6M). Tris-HCI (20 mM, pH S.O) and NaCl {0.25M). 

25 1.6)- Size exclusion chromatography 

The removal of urea from, purified LPD-MAGE-3-His and the buffer 
exchange were bod^ achieved by size exclusion chromatography. This was 
performed using Superdex 75 (Pharmacia Biotechnology Cat. No. 17-1044-01) 
packed in an XK 50/100 colutmi (Pharmacia Biotechnology Cat. No. 18-8753-01), 

30 The dimensiotis of tlie packed bed were: diameter 3 cm; cross-sectioimi area 
19.6 cm*; bed height 90 cm; packed volume 1,800 raL. 
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The coiimin was packed in ethaiwl (20 %) and washed with 5 litres of 
purified water at an effluent flow rate of 20 mL/min. The column was sanitised with 
2 litres of sodium iiydroxide (0.5M), washed with 5 litres of puriiled water, then 
equilibrated with 5 litres of phosphate -buffered saline containing Tween 80 (0.1 % 
5 v/v). 

The purified LPD-MAGE-3-His fraction (maximum 500 mL/ desalting run) 
was loaded onto the column at an eiuent flow rate of 20 mL/min. The desalted 
purified LPD-MAGE-3-His was eiuted from the column with 3 litres of PBS 
comaiBing Tween 80 (Q.i % v/vj, 
iO The fraction containing LPD-MAGE-3-His eiuted at the void volume of the 



1.7) - In-process filtration 

The bulk LPD-MAGE-3-His nrom size exclusion chroraaiography was 
15 filtered through a 0.22 jim membrane in a laminar flow hood (class 10.000). The 
rUiered bulk was frozen at -80 "C and stored until the desalting step. 

1.8) - Desalting chromatography 

Since ti-e osmolalit;' of the fmal bulk should be less than 400 mOsM, a 
20 further buffer exchange step was required to reduce the salt concentration. This was 
performed by a desalting chromatographic step using Sepfaadex G25 fPliarmacia 
Biotechnology Cat. No. 17-0033-02) packed in a BPG 100,''950 column (Pharmacia 
Biotechnology Cat. No, 18-1103-03). The dimensions of the packed bed were: 
diameter 10 cm; cross-sectional area 78.6 cm'; bed height 85 cm; packed volume 
25 6.500 mL. 

The Sephadex G25 was hydrated with 7 litres of purified water and allowed to swell 
overnight at 4 "C, The gel was tlien packed in the cohmn-i with pure water at an 
eluent flow rate of 100 raL/min. 

The column was sanitised with 6 litres of sodium hydroxide (0.5M), then 
30 equilibrated with 10 litres of a solution containing sodium phosphate (10 riM, pH 
6.8), NaCI (20 mM) and Tween 80 (0. 1 % v/v). 
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The purified LPD-MAGE-3-His fraction (maximum 1500 mL/desaltmg run) 
was loaded onto the column at an eiuent Oow rate of 100 mL/min, The desalted 
purified LPD-MAGE-3-His fraction eluted at the void volume of the coiunm, was 
sterile tlUered through a 0.22 membrane and stored at -SO'C. 
5 The final bulk protein is thawed to +4''C before being aiiquoted into viais and 
freeze-dried in a lactose excipient (3.2%), 

2. Analysis on Cooraassie-stained SDS-polyacryiamide gels: 

10 The LPD~i\IAGE'3-His purified antigen was analysed by SDS-PAGE on a 

12.5% acryiamide ge! in reducing conditions. 

The protein load was 50 for Coomassie blue staining and 5 jUg for silver 
nitrate .staining. Clinical lot 96Ki9 and pilot lot 96X22 were analyzed. One major 
band corresponding to a molecular weight of 60kDa was visualised. Two minor 

15 additional bands of approximately 45kDa and 35 kDa were also seen. 

3. Western Blot Anal5^js: 

The peptides revealed by SDS-FAGE analysis of the LPD-M,AGE-3-His 
20 protein were identified by Western blot using mouse monoclonal antibodies. These 
antibodies were developed in-houss using a puriOed preparation of the MAGE-3- 
His protein (this protein does not contain the LPD part of the LPD-MAGE-3-His), 

Two monoclonal antibody preparations {Mab 22 and Mab 54) have been 
selected on the basis of their suitability for Western blot analysis and used in the 
25 identity test for lot release. Figure 4 shows the band patterns obtained for lots 
96K19 and 96)22 after staining with Mabs 32 and 54. Six hundred (600) ng of 
protein were resolved on a 12.5% SDS-PAGE, transferred to a nylon membrane, 
reacted with Mabs 32 and 54 (60 ;Ltg/mi) and revealed with anti-mouse antibodies 
coupled to peroxidase, 

30 The 60 kDa and 30 kDa peptide detected by SDS-PAGE are revealed by 

both Mabs, 
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EXAIViPLE IV: 

1. Vaccine preparation using LPD-MAGE-S-His protein: 

5 The s^accine used in these experiinems is produced from a recorabinant 

DNA, encoding a Lipoprotein D l/3"MAGE-3-Hi.s, expressed in E. coli from the 
strain AR58, either adjuvanted or not. As an adjuvant, ttie formulation comprises a 
mixture of 3 de -0-acylated monophospfaoryi lipid A f3D-MPL) and QS2i in an 
oii/water emulsion. The adjuvant system SBAS2 has been previously described WO 

iO 95/17210. 

3D-MPL: is an immunostimulant derived from the lipopolysaccharide (LPS) 
of the Gram-negative bacterium Salmonella minnesoia, MPL has been deacylated 
and is lacking a pho.spiiate group on the lipid A moiety. This chemical treattneni 
15 dramatically reduces toxicity while preservmg the unmunostimuiant properties 
(Ribi, 1986). Ribi Iminunochemistry produces and supplies MPL to SB-Bioiogicals. 
ExperffiKnts performed at Smith Kline Beecham Biologicals have shown that 
3D-MPL combined with various vehicles strongiy enltances both the humoral and a 
THl type of celiniar immunity. 

20 

0^21: is a natural saponin molecule extracted from the bark of the Soutli 
.\merican tree Quiilaja saponaria Molina. A purification technique developed to 
separate the individual saponines from the etude extracts of the bark, permitted die 
isolation of the particuiar saponin, QS21, which is a triterpene glycoside 

25 demonstrating stronger adjuvant activity and lower toxicity as compared with the 
parent component, QS21 has been shown to activate MHC class 1 restricted CTLs 
to several subunit Ags, as well as to stimulate Ag specific lymphocytic proliferation 
(Kensii, 1992). Aquila (formatly Cambridge Biotech Corporation) produces and 
supplies QS21 to SB-Biologicais. 

30 Experiments performed at SmithKiine Beecham Biologicals have 

demonstrated a clear synergistic effect of combinations of MPL and QS2i in the 
induction of both humoral and THl type cellular immune responses. 
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The oii/water emtdsion is composed an orgaiiic phase made of of 2 oils 
(a tocopherol and squaiene), and an aqueous phase of PBS containing Tween 80 as 
emulsifier. The emolsion comprised 5% squaiene 5% tocopherol 0.4% Tween 80 
5 and had an average particle size of 180 am and is known as SB62 (see WO 
95/17210). 

Experiments performed at SmithKiine Beecham Bioiogicais have proven that die 
adjunction of this O/W emulsion to 3D-M1*L/'QS21 {SBAS2)funher increases the 
10 immuROStimulani properties of the iatter against various subunit antigens. 

2. Preparation of emuiston SB62 (2 fold concentrate); 

Tween 80 is dissolved m phosphate buffered saiine (PBS) to give a 2% 
15 soiutioa in the PBS. To provide 100 ml two fold concentrate emulsion 5g of DL 
alpha tocopherol and 3mi of squalene ate vortexed to mix thoroughly. 90mi of 
PBS/Tween solution is added and mixed thoroughly. The resulting emulsion is then 
passed tiirough a syringe and ImaHy micro tluidtsed by using an MUOS 
microtluidics machine. The resulting oil droplets have a size of approximately ISO 
20 nm. 

3. Preparation of Upoprot- Dl/3 - MAGE-3~His QS21/3D MPL oii to water 
(SBAS2) tbrmtiiation: 

25 The adjuvant is formulated as a combination of MPL and QS21> in an 

oii/water emulsion. This preparation is delivered in vials of 0.7 ml to be admixed 
with the lyophiiised antigen (vials containing from 30 to 300 ^ig antigen). 

The composition of the adjuvant diluent for die lyophiiised vaccine is as follows ; 
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Ingredients: 


Quantity (per dos«)t 


Adjuvaiiis 




SB62 Erauision: 

~ DL a-tocopherol 
- Tween 80 


230 Mi 

11.9 mg 
4.8 mg 


Monophosptioryi Lipid A 


100 


QS21 


iOO iig 


Preservative 




Thiomersal 


25 fig 


Buffer 




Water for injection 
- Dibasic sodium phospbate 
- Monobasic potassium phosphate 
- Potassium ciilofide 
- Sodium chloride 


q . s. ad 0 .5 ml 
575 m 
100 }s.g 
100 ^.g 
4.0 mg 



The final vaccine is obtained after reconatitution of the iyopiiilised 
5 LPD-MAGE-3~His preparation with the adjuvant or with PBS alone. 

The adjuvants controls without antigen were prepared by replacing the 
protein by PBS. 

4. Vaccirie antigen: Fusion protein Lipoprotein DL'3 - MAGE~3-His: 

10 

Lipoprotein D is a lipoprotein exposed on the surface of the Gram-i^gative 
bacteria Haemophilus influenzae. 
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The inclusion of tlie first 109 residues of the processed protein D as iiision 
partner is incorporated to provide the vaccine antigen witli a T-ceU epitopes. 
Besides tiie LPD moiet>', the protein contains tvt-o unrelated amino acids (Met and 
Asp), amino acid residues 2 to 314 of Mage-3, two Giy residues fuiKtioning as 
5 hinge region to expose the subsequent seven His residues. 



EXAMPLE V: 



1. Jjnraunogenicity of LFD-MAGE-3-His in niice and monkeys: 

!0 

in order to test the antigenicity and iimnunogenicity of the human MAGE-3 
protein, the candidate vaccine was injected into 2 different mouse strains (C57EL/6 
and Balb/C), varying in their genetic background and MHC aileies. 
For both mouse strains, potential MHC class-I and MHC class-R peptide motifs 
15 were tiieoretically predicted for the MAGE pan of the LPD-MAGE-3-His fusion 
protein. 



a) - Immiffiization protocol: 

5 mice of each strain were injected twice at 2 weeks interval in the foot pad 
20 with 5 M of LPD-MAGE-3-His. formuiated or not in SBAS2 at i/lOth of the 
concentration used in kanan settings. 



b) - Proliferation assay: 

Lymphocytes were prepared by crushing the spleen or the popliteal lymph 
25 nodes from the mice, 2 weeks after tiie iast injection. 2 x. 10^ cells were placed in 
triplicate in 96 well plates and the ceils were re-stimulated in vitro for 72 hours 
with different concentrations (1- U.l ^g/'mi) of Hts-Mage 3 as such or coated onto 
latex micro-beads. 

An increased MaGE-3 specific lymphoproiiferative activity was observed 
30 witii botii spleen cells (see Figures 5 and 7) and lymph node ceils (see Figures 6 and 
8) from either C57BL/6 or Balb/C mice injected with the LPD-MAGE-3-His 
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protein, as compared wuh the iymphoproliferative response of mice having received 
the SBAS-2 formulation alone or PBS. 

Moreover, a significant iiigher proliferative response was obtained with 
lymphocytes from mice immunized with LPD-MAGE-3-His in the adjuvant SBAS2 
5 (see Figures 6 and 8)- 



c) - Conclusion: 

LPD-MAGE-3-His is immunogenic in mice, and diis immunogemcity can be 
increased by the use of the SBAS2 adjuvant fonnulation. 

10 

2. Antibody response: 

aj - Immunization Protocol: 

Balb/c or C57BL/6 mice were immunized by 2 intra foot pad injections at 2 
15 weeks interval with eitiier PBS, or SBAS2, or 5 (iG of LPD-MAGE-3-His, or 5 
of LPD-.MAGE-3--His -f SBAS2. 

Three and five animals were used in the control groups and in the tested groups 
respectively. 



20 b) - Indirect ELISA: 

Two weeks after the second injection, individual sera were taken and 
submitted to an indirect ELISA. 

2 uG/ml of purified His MAGE 3 was used as coated antigen. After saturation 
during 1 hour at 37°C, in PBS -i- 1% newborn calf serum, the sera were serially 

23 diluted {starting at 1/1000) in the samration buffer and incubated overnight at 4''C, 
or 90 minutes at 37''C. After washing in PBS/Tween 20,01%. Biotinyiated goat 
anti-mouse total IgG (1/iOOO) or goat anti-mouse IgGl. IgG2a. IgG2b antisera 
(1/5000) were used as second antibodies. After 90 minutes incubation at SI^'C. 
Streptavidin coupled to peroxidase was added, and TMB (tetra-methyi-benzidine 

30 peroxide) was used as substrate. After 10 minutes the reaction was blocked by 
addition of H^SO^ 0.5M. and the 0,D, w;is determined. 
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c) ~ Resuits: 

Figure 9 compares between the diifferenf groups of mice (N=5/group), the 
relative mean midpoint titer of the sera, which consists in the mean dilution needed 
to reach the raidpoint of the curves. 
5 These resuUs show that in both mouse strains tested, a weak Ab response is 

mounted after 2 injeciions of LPD-MAGE-3-His alone, but that higher anti-MAGE 
3 Ab concentrations are generated when LPD-MAGE-3-His is injected m the 
presence of SBAS2. Thus, only 2 injections of LPD-MAGE-3-His -r SBAS2, at 2 
weeks interval, are suftlciem to generate the high Ab response observed, 

10 The better Ab response observed in the Baib/e mice as compared with the 

response obtained in the C57BL/6 inice can be explained by differences in 
hapiotypes or in background between these 2 strains, even though die Ah titre 
achieved in C57BL/6 mice is also higher alier injections of LPD-MAGE-3-His -r 
SBAS2 than after injeciions svith LPD-MAGE~.VHis alone, 

15 The ig subclasses-specific anti-MAGE-3 responses after vaccinations in the 

different groups of mice can be seen on the figures 10 and li, which give a 
comparison of the mean midpoint dilution of the sera. 

Neither IgA, nor IgM were detected in any of the serum sampies even from 
the mice vaccinated with LPD-MAGE-3-His in the adjuvant SBAS2. 

20 On the contrary, the tocai IgG level was siightiy higher in the sera fi-om mice 

vaccinated with LPD-MAGE-3-His alone, and significantly increased in the sera of 
animais injected with LPD-MAGE-3-His in SBAS2, 

The analysis of the different IgG-subclasses concenrrations .show that a 
mixed Ab response was induced in the mice, since ths levels of all IgG subclasses 

25 tested t'IgGi, IgG2a, IgG2b) were higher in mice vaccinated witli the adjuvanted Ag 
than in mice injected with the Ag or tlie adjuvant aione. 

The nature of this mixed Ab response after vaccination with LipoD-MAGE 3 
in the presence of SBAS2 seems however to depend on the mouse strain, since IgGl 
and {gG2b were predominantly found in the sera of Balb/c and C57BL/6 mice 

30 respectively. 
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3. Jramunogeiiidtv of Lipoprotein D i/3 MAGE -3 - His + SBAS2 adjuvant 
in Rhesuii moiikeys 

Three groups of five Rhesus (Macaca Mulatta) animals were selected. RTS.S and 

gpi20 were used as posiijve controi. 

Groups: 

Group i right leg; RTS,S/SBAS2 
left leg: GP120/SBAS2 
Group 2 right ieg: RTS,S/SB26T 

left ieg: GP120/SB26T 
Group 3 right ieg; LipoDi/3 Mage 3 His/SBAS2 

The animals received vaccine at day 0 and were boosted ai day 2S. and 84 
and bied to determine their andixxly response to both the MAGE 3 and protein D 
component. The vaccines were administered intramuscuiariy as a bolas injection 
(0,5nil) in tiie posterior part of the right leg. 

Small blood samples were taken every 14 days. Unlieparinized blood 
sampies of 3 ml were collected from the femoral vein, were allowed to clot for at 
le^t 1 hour and centrifuged at room tetnperamre for 10 minutes at 2500 rpm. 

Serura was removed, frozen at -20°C and sent for determination of the 
antibody levels by specific Elisa. 

96weli microplates (maxisorb Nunc) were either coated with 5 pg of His 
Mage 3 or Protein D overnight at 4°C. After i hour saairaiion at 3TC with PBS 
NCS 1 %, serial dilution of the rabbit sera were added for IE 30 at 37°C (starting at 
1.''10), aft^:r 3 washings in PBS Tween, anti rabbit biotinyiated serum (Amersham 
ref RPN 1004 lot 8S) was added (i./5000). Plates were washed and peroxydase 
couple streptavidin f 1/5000) was added for 30 minutes at ST^C. After washing, 50 
jil TMB (BioRad) was added for 7 minutes and the reaction was stopped %vith 
H2$04 0.2M. OD was measured at 450 nm. Midpoint dilutions were calculated by 
SoftmaxPro. 
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Antiljody response: 

Sxmll blood samples were taken every 14 days to foilow the kinetic of the 
antibody respoase ro Mage 3 by ELISA. The results indicates tiiat after one 
irijection of LPDl/3 Mage 3 His -t- SBAS2, the Mage 3 specific total Ig titer was 

5 iow, a clear boost was seen in 3 out of 5 animals after a second and a third injection 
of LipoDl/3 Mage 3 adjuvant in the same monkeys, The poor responders 
remained negative even after 3 injections. 28 days post II or post III, the antibody 
titers has returned to basal levels. The subclass of these antibodies was determined 
as predominantly IgG and not IgM. The switch to IgG suggests that a T helper 

10 response has been triggered , The Protein D specific antibody response, aitliougii 
weaker, is exacdy parallel to tlie Mage 3 antibody response. 



EXAiMFLE VI: 

15 

1. LPD - MAGE 1 His 

In an aiialogous fashion - LPD - MAGE 1-His was prepared. The amino 
acid and DNA sequences are depicted in SEQUENCE ID Nos. 3 and 4, The 

20 restilting protein was purified in an analogous maimer to the LPD-MAGE-3-His 
protein. Bnetly, the cell culture were homogenated and treated with 4M guanidine 
HCl and 0,5 M beta mercaproethanol in the presence of 0.5% Empigen detergent. 
The product was filtered and the permeate treated witii 0.6 M iodoacetamide. The 
carboxyamidated ixactions was subjected to IMAC (zinc Chealate-sephatose FF) 

25 chromatography. The coimmi was first equilbrated and washed with a solution 
containiaa 4M guanidine, HCi and sodium phosphate (20mM, pH7.5) and 0.5% 
Empigen, tiien the column was washed with a solution containing 4M urea in 
sodium phosphate (20mM, pH7,5) 0.5% Empigen buffer. The protein was eluared 
in the same buffer, but with increasing concentration of Imidazole (20mM, 400mM 

30 and 500 mM). 

The eluate was diluted with 4M Urea. The Q-sepharose column was 
equilabrated aixl washed with 4M Urea in 20mN-f phosphate buffer (pH7.5) in the 
presence of 0.5% Empigen. A second wash was performed m the same buffer, but 
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devoid of the decergent. The protein eiuated in the same buffer but vvith increasing 
Imidazole (ISOmM. 400mM, IM). The eiuate was ultra filtered. 

EXAIVIPLE VM: 

5 

Construction of the expression ptasmid |jRIT14426 and transformation of the host 
strain ARS8 to produce NSl - MAGE -3 His: 

Protein design: 

The design of the fusion protein NSL-MAGE-S-His to be expressed in E. 
10 coii is described in figure 12. 

The primarv- structure of the resulting protein has the sequence sec forth in 

ID No. 5. 

The coding scquencefID No. 6) corresponding to the above protein design 
was placed under the control of XpL promoter in a E. coli expression plasniid. 

15 

The cloning strategy for the generation of NSi-MAGE-3-His fusion protein: 

The starting materia! was a cDNA plasmid received from Dr Tierrj- Boon 
from the Ludwig Institute, containing the coding sequence for MAGE-3 gene and 
tile vector PMG8i, containing the 8iaa of NS, (Non structural protein) coding 
20 region from influenza. 

The cloning strategy outlined in figure 13 included the following steps: 

a) PCR ainplification of the sequences presented in the plasmid cDNA M.AGE-3 
using the oligonucleotide sense: 5' gc gcc aig gat ctg gaa cag cgt agt cag cac £gc 
25 aag cct, and tlie oligonucleotide .mtisense: 5' gcg tct aga tta atg gtg atg gtg acg 

gtg atg acc gcc etc ttc ccc etc tct caa. 

This amplification leads to the following modifications at the N terminus: 
changing of the first five codons to the E, coli codon usage, replacement of the 

-30- 
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Pro eodori by an Asp cocion at position i. installation of an Ncol sije the 5' 
extremity and tmally addition of the 2 Gly codons and the 7 His codon folfowed 
by an Xbal site at the C-terminus. 

5 b) Cloning into the TA cioning vector of invitrogen of the above amplitled 
fragment and preparation of the intermediate vector pR3T 14647 

c) Excision of the Ncol Xbal fragment form piasmid pRIT 14647 and cloning into 
the vector pRIT PMG81 

10 

d) Transformation of fee host strain AR58 

e) Selection and characterizadon of the E. coii strain transfonnants coMaimog the 
plasmid pRiT14426 (see figure 14) expressing the NSl-MAGE-3-His fiision 

15 protein 

Charactemation of the recombmant NSt-MAGE-3-His {pRn'14426): 

Baeteria were grown on LB Medium supplemented with 50 ^.tg/ml 
kaijaraycin at 30 °C. When the cuhurs had reached 0D= 0,3 (at 620 nm), heat 

20 imiuctioR was achieved by raising the temperature to 42 °C, 

After 4 hours induction, ceils were harvested, resuspended in PBS and lysed 
(by disintegration) by pressing three times in the French press. After centrifiigation 
(60 minutes at 100 ,000 g). pellet supernatant and total extract were analyzed by 
SDS-PAGE. Proteitis were visualized in Coomassie Bl stained ge!s where the 

25 ftision protein represented about I % of the toml E. colt proteins. Tlie recombinant 
protein appeared as a single band widi an apparent MW of 44,9 K, The fusion 
protein was identified by Western Blot analysis using anti-NS i raonocional 

EXAMPLE Vill: 

30 

Purific^on of NSl-MAGE 3-His (E, Coll) for Rabbit/Mice Immunization. 
- 31 - 
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Puritlcation Scheme: 

The foilowing purification scheme was used to purify the antigen: 

5 

Lysis of cells -f centn&gation 

I 

t 

Ajitigeii soiubilisarion -r centi-ifugation 

K 

IQ Nf -^--NTA agarose 
t 

Concentmtion 

i 

Prep cell 

15 I ' 

TCA precipitation and PBS solubilisation 
a. Lysis 

20 Bacterial ceils (23g) were iysed in 203 mi of a 50 mM FO, pH7 buffer by Rannie 
(homogeniser) and the lysate was centriftiged in a JA 20 rutor at 15,000 rpni during 
30 imiiuEes. 

The supernatant was discarded. 

25 b. Antigen soiubilisation 

1/3 of the peilet was resoinbilised 0/N at 4°C in 34 ml of 100 mM PO, - 6 M 
GuHCl pH7. After centrifiigation m a JA 20 rotor at 15,000 rpm tor 30 minutes, 
the peilet was discarded and the supematant was forther purified by IMAC, 

30 c. affmity chromatography; Ni^+-NTA agarose (Qiagen) 

Column volume; 15 mi (16 mm x 7.5 cm) 

- 32 - 
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Packing buffer: 0.1 M PO,- 6 M GiiHCi pH7 
Sampte buffer: idem 

WasMng buffer: 0.1 M PO4- 6 M GuHCl pH7 
0.1 MPO^-6M{jreapH7 

5 

Elotion; imidazoi gradient {0->250 mM) m 0,1 M PO4 buffer pH7 suppiemented 
witJi 6 M urea. 

Flow rate: 2 mi/min 

10 

a. Concentration: 

Antigen positive fractions of the IMAC eluate (160 ml) were pooied and 
concentrated to 5 mi in an Ainicon stirred ceil on a Fiitron membrane Cts'pe Omega 
13 cut-off 10,000). The purity at this stage is about 70% as estimated by SDS-PAGE. 

b. Preparative electrophoresis (Prep CeH Biorad) 

2.4 mi of the concentrated sample was boiied in 0.8 ml reducing sample buffer and 
20 loaded on a 10% acrylamide geL The antigen was eiuted in a Tris-Glycme buffer 
pH 8.3 supplemented with 4% SOS and Ns, -MAGE 3 His positive tractions were 
pooied. 

a. TCA precipitation: 

25 

The antigen was TCA precipitMed and after centrifogaiion in a SA 20 rotor at 
15,000 rpro for 20 minutes, the supernatant was discarded. The peOet was 
resoiubilised in PBS buffer pH 7.4, 

30 The protein is soluble in PBS after freeze/thaw does not show any degradation when 
stored for 3 hours at 37 C and has an apparent molecular weight of approximately 
50,000 Daitons as determined by SDS {12.5% PAGE). 

-33- 
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EXAMPLE K: 

Preparation of the E. coli strain expressing a fusion protein CLYTA-MAGE-l-Hjs tail 

5 I. Coflstrttction of the expression piasmid pRm4613 and transformation of 
the host strain AH58: 

Protein design; 

10 The desigiJ of the fusion protein Clyta-^iage-i-His to be expressed in E. coli is 
described m figure 15. 

The primary structure of the resulting protein has the sequence set forth in 
sequence ID No. 7. 

15 

The coding sequence (see SEQUBNCE ID No. 8) corresponding to ti^e above 
protein design was placed under the control of k pL promoter in a E. coli 
expression piasmid, 

20 Cloning: 

The starting materiai was the vector PCUZl that contains the 117 C-terminai 
codons of the LytA coding region from Streptococcus pneumoniae and the 
vector pRIT14518, in which we have previousiy subcloned the MAGE-l gene 
25 cDNA from a piasmid received from Dr Thierry- Boon from the Ludwig 

Institute. 

The cloning strategy for the expression of CLYTA~Mage-l~His protein {see 
outiine in Figure 16) included the following steps; 

30 

2. Preparation of the CLYTA-Mage-l-His coding seqjience moduie: 

a) The first step was a PGR amplification, destined to flank the CLYTA 
sequences with the Ndel-Afllll restriction sites. The PGR amplification was 
35 dons using the piasmid PCUZias {emplate and as primers the 
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Oligonucleotide sense: 5' tta aac cac acc aa agg agg ata taa cat atg aaa ggg 
gga att gta cat tea gac , and tiie oligonucieonde antisense: 5* GCC AGA 
CAT GTC CAA TTC TOG CCT GTC TGC GAG. This leads to the 
ampUficadofi of a 378 nucleotides long CLYTA sequence. 

5 

b) The second step was Unking of CLYTA sequences to the MAGE- 1 -His 
sequences, to generate the coding sequence for tlie fusion protein. This step 
included the excision of a Ndel-AfllH Clyta fragment and insertion into the 
vector pRITUSlS previoasiy opened by Ndel and Ncol (Ncol and Afllll 

10 compatible) restriaion enz>'mes and gave rise to the plasmid pRIT146l3. 

c) Transformation of the host sixain AR58 

d) Selection and characterization of the E. coli trausformant (KAN resistant) 
15 containing the plasmid pRIT14613. (See figure 16) 

1. Characterization of tiie recomibiBaat protein CLYTA-MAGE-l-His 
{|iRIT14613): 

20 Bacteria were grown on LB Medium supplemented -with 50 /ig/ml kanamycin at 

30 °C. Whon the culmre had reached 0D= 0.3 (at 620 mn). heat induction was 
achieved by raising the temperature to 38 "C . 

After 4 hours induction, ceils were harvested, resuspended in PBS and lysed 
25 (by disintegration) by one shot . After centri&gation, peilet supernatant and 
total extract v.'ere analyzed by SDS-PAGE. Proteins were visualized in 
Coomassie Bl stained gels, where the ftjsion protein represented about I % of 
the total E. coli proteins. The recof.nbilia^ll protein appeared as a single band 
with an apparent MW of about 49 kD. The fusion protein was identified by 
30 Western Blot analysis using anti-Mage-1 polyclonal antibodies. 
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